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METHOD OF INSPECTING SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application claims prior-
ity under 35 U.S.C. §119 of Korean Patent Application No.
10-2013-0073777, filed on Jun. 26, 2013, the entire contents
of which are hereby incorporated by reference.

BACKGROUND

The present disclosure herein relates to a substrate inspect-
ing method, and more particularly, to a substrate inspecting
method capable of inspecting a pad area of a substrate.

In general, a liquid crystal display device includes a first
substrate where a plurality of pixels are defined, a second
substrate facing the first substrate where color filters corre-
sponding to the plurality of pixels are arranged, and a liquid
crystal layer between the first substrate and the second sub-
strate. The first substrate may be defined as a thin film tran-
sistor substrate or a display substrate. Additionally, the sec-
ond substrate may be defined as a color filter substrate or a
facing substrate.

The thin film transistor substrate includes a plurality of
gate lines, a plurality of data lines insulated from and inter-
secting the gate lines, and a plurality of thin film transistors
connected to the gate lines and the data lines in an intersection
area of the gate lines and the data lines. The pixels receive
pixel voltages through each of the corresponding thin film
transistors. Due to the pixel voltages, the arrangement of
liquid crystals in a liquid crystal layer changes. According to
the changed arrangement of the liquid crystals, light trans-
mittance is adjusted to display an image.

While display panels are manufactured, various inspec-
tions are performed to detect defective panels. For example,
in order to inspect the pixels of the first substrate, an open/
short (OS) test, a visual inspection (VI), and an auto optical
inspection (AOI) may be used.

SUMMARY

Exemplary embodiments of the present invention provide a
substrate inspecting method capable of effectively inspecting
a pad area of a substrate.

Exemplary embodiments of the present invention provide
methods of inspecting a substrate, the methods including:
receiving an image of a substrate; determining and registering
a start point pixel by detecting a gradation change of pixels
disposed at aboundary line in an image of a pad area disposed
adjacent to a display area ofthe substrate; sequentially tracing
pixels having the same gradation as the start point pixel from
the start point pixel and registering the traced pixels; setting
an area where the registered pixels are disposed as a boundary
area; designating, to the next point pixel, a predetermined
direction code corresponding to a direction in which the next
point pixel is disposed, on the basis of a current point pixel in
the registered pixels of the boundary area; extracting maxi-
mum distance pixel coordinates disposed at the maximum
distance from the start point pixel by calculating each dis-
tance between the start point pixel and a pixel disposed at a
conversion point of the direction code and between the start
point pixel and an end point pixel registered lastly among the
registered pixels; and detecting a defect of the pad area by
comparing the maximum distance pixel coordinates with
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coordinates of the pixels disposed at the boundary line and
coordinates of the start point pixel with coordinates of the end
point pixel.

In some exemplary embodiments of the present invention,
the determining of the start point pixel may include: detecting
a gradation change of the pixels disposed at the boundary line
as moving on the pixels disposed at the boundary line; and
registering a pixel having the gradation change as the start
point pixel and initializing a count value.

In some exemplary embodiments of the present invention,
the tracing of the pixels may include: comparing gradations of
a currently registered pixel and pixels adjacent thereto coun-
terclockwise from a previous point pixel by using the cur-
rently registered pixel as an axis; detecting the adjacent pixel
having the same gradation as the currently registered pixel,
excluding a previously registered pixel; when the adjacent
pixel having the same gradation as the currently registered
pixel is detected, registering the detected pixel and counting
the count value; when the adjacent pixel having the same
gradation as the currently registered pixel is not detected,
registering the currently registered pixel as an end point pixel;
comparing the counting value with a reference value; when
the counting value is greater than the reference value, com-
paring coordinates of the registered pixel with the coordinates
of the boundary line pixels; when the counting value is not
greater than the reference value, comparing gradations of the
currently registered pixel and the adjacent pixel; when the
coordinates of the registered pixel are included in the coordi-
nates of the boundary line pixels, registering the registered
pixel as the end point pixel; and when the coordinates of the
registered pixel are not included in the coordinates of the
boundary line pixels, comparing gradations of the registered
pixel and the adjacent pixels.

In some exemplary embodiments of the present invention,
the designating of the direction code may include: setting an
8-direction chain code extending radially with the same inter-
val; and designating, as the 8-direction chain code, a direction
in which the next point pixel on the basis of the current point
pixel in the sequentially registered pixels.

In some exemplary embodiments of the present invention,
the extracting of the maximum distance pixel coordinates
may include: calculating a distance between the start point
pixel and a pixel of a conversion point of the 8-direction chain
code and a distance between the start point pixel and the end
point pixel; and extracting coordinates of the maximum dis-
tance pixel by comparing the calculated distances.

In some exemplary embodiments of the present invention,
the detecting of the defect of the pad area may include: com-
paring the coordinates of the maximum distance pixel with
the coordinates of the boundary line pixels; when the coordi-
nates of the maximum distance pixel are included in the
coordinates of the boundary line pixels, determining the
boundary area as normal; and when the coordinates of the
maximum distance pixel are not included in the coordinates
of'the boundary line pixels, determining the boundary area as
defective.

In some exemplary embodiments of the present invention,
the determining of the boundary area as defective may
include: comparing the coordinates of the start point pixel
with the coordinates of the end point pixel; when the start
point pixel is disposed adjacent to the end point pixel, deter-
mining the boundary area as open defective; and when the
start point pixel is not disposed adjacent to the end point pixel,
determining the boundary area as short defective.

In some exemplary embodiments of the present invention,
the substrate may include: a plurality of pixel units disposed
in the display area and connected to gate lines and data lines
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intersecting each other; and a plurality of data pads disposed
in the pad area, a plurality of connection wires connected to
corresponding data lines, and a plurality of data pads con-
nected to corresponding connection wires, wherein the con-
nection wires may extend downwardly by a predetermined
distance with the same interval and may extend radially to
connect to the corresponding data lines.

In some exemplary embodiments of the present invention,
the connection wires and the data pads in the image of the pad
area may be displayed as pixels having a first gradation with
predetermined first brightness levels and an area where the
connection wires and the data pads are not disposed may be
displayed as pixels having a second gradation lower than the
first gradation with predetermined second brightness levels.

In some exemplary embodiments of the present invention,
the methods may further include: capturing an image of the
substrate and thinning the captured image of the substrate to
provide the thinned image as an image of the substrate;
wherein the thinning of the captured image may include:
displaying an area where the connection wires and the data
pads are disposed as pixels having a first gradation with one
brightness level and displaying an area where the connection
wires and the data pads are not disposed as pixels having a
second gradation lower than the first gradation with another
brightness level.

In some exemplary embodiments of the present invention,
the methods may further include: receiving the image of the
display area; setting an inspection area in the display area;
inspecting and determining a pixel period security by divid-
ing the pixel units of the inspection area by a predetermined
number unit; when the pixel period security is determined,
inspecting an interval between the pixel units of the pixel
period; when the pixel period security is not determined,
proceeding to the dividing the inspection area and the setting
of the inspection area; when the interval between the pixel
units is the same, detecting a defective pixel unit by compar-
ing images of the pixel units; and when the interval between
the pixel units is different, proceeding to the dividing of the
inspection area and the setting of the inspection area.

In some exemplary embodiments of the present invention,
the inspecting and determining of the pixel period security
may include: dividing the pixel units of the inspection area by
apixel period defined by a predetermined pixel number; when
the number of the pixel units is divided by the pixel period,
determining it as the pixel period security; and when the
number of the pixel units is not divided by the pixel period,
not determining it as the pixel period security.

In some exemplary embodiments of the present invention,
provided are methods of inspecting a substrate, the methods
including: performing a thinning operation to capture an
image of the substrate and display the captured image of the
substrate as two gradations with different brightness; receiv-
ing the thinned image of the substrate; determining and reg-
istering a start point pixel by detecting a gradation change of
pixels disposed at a boundary line in an image of a pad area
disposed adjacent to a display area of the substrate; sequen-
tially tracing pixels having the same gradation as the start
point pixel from the start point pixel and registering the traced
pixels; setting an area where the registered pixels are disposed
as a boundary area; extracting maximum distance pixel coor-
dinates disposed at a maximum distance from the start point
pixel by calculating each distance between the start point
pixel and the registered pixels of the boundary area; and
detecting a defect of the pad area by comparing the maximum
distance pixel coordinates with coordinates of the pixels dis-
posed at the boundary line and coordinates of the start point
pixel with coordinates of the end point pixel.
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In some exemplary embodiments of the present invention,
the substrate may include: a plurality of pixel units disposed
in the display area and connected to gate lines and data lines
intersecting each other; and a plurality of data pads disposed
in the pad area, a plurality of connection wires connected to
corresponding data lines, and a plurality of data pads con-
nected to corresponding connection wires.

In some exemplary embodiments of the present invention,
the performing of the thinning operation may include display-
ing an area where the connection wires and the data pads are
disposed as pixels having a first gradation with one brightness
level and displaying an area where the connection wires and
the data pads are not disposed as pixels having a second
gradation lower than the first gradation with another bright-
ness level.

In some exemplary embodiments of the present invention,
the determining of the start point pixel may include: detecting
a gradation change of the pixels disposed at the boundary line
as moving on the pixels disposed at the boundary line; and
registering a pixel having the gradation change as the start
point pixel and initializing a count value.

In some exemplary embodiments of the present invention,
the tracing of the pixels may include: comparing gradations of
a currently registered pixel and pixels adjacent thereto coun-
terclockwise from a previous point pixel by using the cur-
rently registered pixel as an axis; detecting the adjacent pixel
having the same gradation as the currently registered pixel,
excluding a previously registered pixel; when the adjacent
pixel having the same gradation as the currently registered
pixel is detected, registering the detected pixel and counting
the count value; when the adjacent pixel having the same
gradation as the currently registered pixel is not detected,
registering the currently registered pixel as an end point pixel;
comparing the counting value with a reference value; when
the counting value is greater than the reference value, com-
paring coordinates of the registered pixel with the coordinates
of the boundary line pixels; when the counting value is not
greater than the reference value, comparing gradations of the
currently registered pixel and the adjacent pixel; when the
coordinates of the registered pixel are included in the coordi-
nates of the boundary line pixels, registering the registered
pixel as the end point pixel; and when the coordinates of the
registered pixel are not included in the coordinates of the
boundary line pixels, comparing gradations of the registered
pixel and the adjacent pixels.

In some exemplary embodiments of the present invention,
the extracting of the maximum distance pixel coordinates
may include: calculating a distance between the start point
pixel and a pixel of a conversion point of the 8-direction chain
code and a distance between the start point pixel and the end
point pixel; and extracting coordinates of the maximum dis-
tance pixel by comparing the calculated distances.

In some exemplary embodiments of the present invention,
the detecting of the defect of the pad area may include: com-
paring the coordinates of the maximum distance pixel with
the coordinates of the boundary line pixels; when the coordi-
nates of the maximum distance pixel are included in the
coordinates of the boundary line pixels, determining the
boundary area as normal; and when the coordinates of the
maximum distance pixel are not included in the coordinates
of'the boundary line pixels, determining the boundary area as
defective.

In some exemplary embodiments of the present invention,
the determining of the boundary area as defective may
include: comparing the coordinates of the start point pixel
with the coordinates of the end point pixel; when the start
point pixel is disposed adjacent to the end point pixel, deter-
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mining the boundary area as open defective; and when the
start point pixel is not disposed adjacent to the end point pixel,
determining the boundary area as short defective.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the inventive concept, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate exemplary embodiments of the inventive
concept and, together with the description, serve to explain
principles of the inventive concept. In the drawings:

FIG. 1 is a side view of a substrate inspecting device
according to an embodiment of the inventive concept.

FIG. 2 is a plan view of the substrate of FIG. 1.

FIG. 3 is an enlarged view of a first area of FIG. 2.

FIG. 4 is a view illustrating an image processing status of a
second area of FIG. 3.

FIG. 5 is a flowchart illustrating a method of inspecting a
pad area of the substrate of FIG. 2.

FIG. 6 is a flowchart illustrating a method of determining a
start point pixel of FIG. 5.

FIG. 7 illustrates a method of determining a start point
pixel by using an image of a second area.

FIG. 8 illustrates an 8-direction gradation tracing method.

FIG. 9 is a flowchart illustrating a method of tracing a pixel
having the same gradation as the start point pixel of FIG. 5.

FIGS. 10A to 10D illustrate a pixel tracing method in a
normal connection wire.

FIGS. 11A and 11B illustrate a pixel tracing method in a
defective connection wire.

FIG. 12 illustrates an 8-direction chain code.

FIG. 13 is a flowchart illustrating a method of designating
a direction code of FIG. 5.

FIG. 14 A illustrates when a direction code is designated to
pixels of a second area of FIG. 10D.

FIG. 14B illustrates when a direction code is designated to
pixels of a second area of FIG. 11A.

FIG. 14C illustrates when a direction code is designated to
pixels of a second area of FIG. 11B.

FIG. 15 is a flowchart illustrating a maximum distance
pixel coordinates extracting method of FIG. 5.

FIG. 16A illustrates a maximum distance pixel in an image
of the second area of FIG. 14A to which a direction code is
designated.

FIG. 16B illustrates a maximum distance pixel in an image
of the second area of FIG. 14B to which a direction code is
designated.

FIG. 16C illustrates a maximum distance pixel in an image
of the second area of FIG. 14C to which a direction code is
designated.

FIG.17is a flowchart illustrating a defectiveness determin-
ing method of FIG. 5.

FIG. 18 is a flowchart illustrating an open and short defec-
tiveness detecting method in the defectiveness determining
operation of FIG. 17.

FIG. 19 is a flowchart illustrating a method of inspecting a
display area of the substrate of FIG. 2;

FIGS. 20A and 20B and FIGS. 21A to 21C illustrate pixel
units of a display area;

FIG. 22 is a flowchart illustrating a method of inspecting a
pad area of a substrate according to another embodiment of
the inventive concept;

FIG. 23 illustrates a thinning processing operation of FIG.
22;
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FIG. 24 is a flowchart illustrating a method of inspecting a
pad area of a substrate according to another embodiment of
the inventive concept; and

FIG. 25 illustrates a maximum distance pixel coordinates
extracting operation of FIG. 24.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Hereinafter, exemplary embodiments of the inventive con-
cept will be described in detail with reference to the accom-
panying drawings.

FIG. 1 is a side view of a substrate inspecting device
according to an embodiment of the inventive concept.

Referring to FIG. 1, the substrate inspecting device 500
includes a stage 10, a substrate 100, a lighting unit 20, an
image capturing unit 200, an image processing unit 300, and
an inspection unit 400.

The substrate 100 seats on the stage 10. The substrate 100
may be defined as a thin film transistor substrate or a display
substrate.

The lighting unit 20 provides light to the substrate 100.
However, the inventive concept is not limited thereto, and a
backlight unit supplying light to the substrate 100 may be
disposed at the bottom of the substrate 100

The image capturing unit 200 captures images of pixel
units disposed on the substrate and images of wires connected
to the pixel units. The images captured by the image capturing
unit 200 are provided to the image processing unit 300. The
image capturing unit 200 may include a high-resolution
charge couple device (CCD) camera.

The image processing unit 300 converts the images pro-
vided from the image capturing unit 200 into digital signals.
The digital signals converted by the image processing unit
300 are provided to the inspection unit 400 as image infor-
mation.

The inspection unit 400 receives the image information of
the converted digital signals from the image processing unit
300. The inspection unit 400 inspects whether the substrate
100 is defective on the basis of the image information. A
substrate inspecting method performed by the inspection unit
400 will be described in more detail below.

FIG. 2 is a plan view of the substrate 100 of FIG. 1.

Referring to FIG. 2, the substrate includes a plurality of
gate lines GLL1 to GLn, a plurality of data lines DL1 to DLm,
a plurality of pixel units PX11 to PXnm, a plurality of data
pad units DPD1 to DPDk, and a plurality of connection wires
CL1 to CLm.

An area on a plane of the substrate 100 may include a
display area DA and a non-display area NDA around the
display area DA.

The gate lines GLL1 to GLn and the data lines DL.1 to DLm
are insulated from each other and interest in the display area
DA of the substrate 100. m and n are integers greater than 0.
The pixel units PX11 to PXnm in the display area DA are
disposed in an area where the gate lines GL1 to GLn and the
data lines DL1 to DLm intersect. The pixel units PX11 to
PXnm may be arranged in a matrix of n rows and m columns
intersecting each other.

The non-display area adjacent to the top of the display area
DA may be defined as a pad area PDA. The data pad units
DPD1 to DPDk and the connection sires CL.1 to CLm may be
disposed in the pad area PDA. k is an integer greater than 0
and less than m. The data pad units DPD1 to DPDk are
connected to the connection wires CL1 to CLm of each cor-
responding predetermined number.
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The connection wires CL1 to CLm are disposed between
the data pad units DPD1 to DPDk and the data lines DL1 to
DLm to electrically connect the data pad unit DPD1 to DPDk
and the data lines DL1 to DLm. The connection wires CL1 to
CLm are connected to corresponding data lines DL1 to DLm,
respectively.

Although not shown in the drawings, corresponding source
driving chips (not shown) are connected to the data pad units
DPD1 to DPDK, respectively. Data voltages are provided
from the source driving chips to the data pad units DPD1 to
DPDk. Data voltages are provided to the pixel units PX11 to
PXnm through the connection wires CL1 to CLm connected
to the data pad units DPD1 to DPDk and the data lines DL1 to
DLm connected to the connection wires CL1 to CLm.

A gate driving unit 110 providing gate signals to the pixel
units PX11 to PXnm may be disposed in the display area
NDA adjacent to the display area DA. The gate driving unit
110 may be mounted in an amorphous silicon TFT gate driver
circuit (ASG) form.

The gate driving unit 110 provides gate signals to the pixel
units PX11 to PXnm through the gate lines GL.1 to GLn. The
gate signals are sequentially provided to the pixel units PX11
to PXnm by each row unit. The pixel units PX11 to PXnm
receive data voltages in response to the gate signals and
display gradation corresponding to the data voltages.

FIG. 3 is an enlarged view of a first area of FIG. 2.

The data pad unit DPD1 to DPDk may be defined as first to
k data pad units DPD1 to DPDk according to the arranged
order. Therefore, the data pad unit DPD1 shown in FIG. 3 is
defined as the first data pad unit DPD1.

Referring to FIG. 3, a predetermined number of the con-
nection wires CL.1 to CLi are connected to the first data pad
unit DPD1. For example, the first data pad unit DPD1 is
connected to i1 connection wires CL1 to CLi. i is an integer
greater than 1 and less than m. Additionally, the connection
wires CL.1 to CLi are connected to corresponding i data lines
CL1 to DLi.

The connection wires CL1 to CLi and the data lines DL1 to
DLi are defined as the first to i connection wires CL1 to CLi
and the first to i data lines DL1 to DLi according to the
arranged order.

The first data pad unit DPD1 includes the plurality of data
pads DP1 to Dpi connected to the corresponding first to i
connection wires CL1 to CLi. The data pads DP1 to Dpi are
defined as the first to i data pads DPD1 to Dpi according to the
arranged order. Although not shown in the drawings, the
second to k data pad units DPD2 to DPDk include data pads
connected to the corresponding i connection wires.

The first to i connection wires CL1 to CLi connected to the
first to 1 data pads DP1 to DPi extend by a predetermined
distance downwardly at the same intervals. The first to i
connection wires CL1 to CLi extending by a predetermined
distance downwardly extend in a radial form to connect to the
corresponding first to i data lines DL.1 to DLi.

In more detail, the first to i connection wires CL1 to CLi
extend in a straight line form by a predetermined distance
downwardly. The first to i connection wires CL1 to CLi
extending by a predetermined distance downwardly curve to
the left and the right at a predetermined angle to have a
straight line form and extend to connect to the corresponding
first and i data lines DL1 to DLi.

The second to i-1 connection wires CL.2 to CLi-1 except
for the first and i connection wires CL1 and CLi extend in a
straight line form by a predetermined distance downwardly.
The second to i-1 connection wires CL.2 to CLi-1 extending
by a predetermined distance downwardly extend in a square
wave form downwardly.
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The lengths of the second to i-1 connection wires CL2 to
CLi-1 having the square wave form are formed longer as they
approach a center connection wire CL;j at the center. Addi-
tionally, as shown in FIG. 3, the square wave form may be
formed to have an inverted triangle area.

The center connection wire CLj among the second to i-1
connection wires CL2 to CLi-1 extends in a square wave
form and then extend in a straight line form downwardly to
connect to a corresponding data line. The second to j—1 and
j+1 to i-1 connection wires CL2 to CLj-1 and CLj+1 to
CLi-1 except for the center connection wire CLKj extend in
a square wave form and then curve at a predetermined angle
in a straight line form to radially extend.

The first to i connection wires CL.1 to CLi extend radially
to connect to the corresponding first to i data lines DL1 to
DLi. That is, an angle at which the first to 1 connection wires
CL1 to CLi curve becomes smaller on the basis of the bottom
direction as they approach the center.

The angle at which the first and i connection wires CL1 to
CLiamong the first to i connection wires CL1 to CLi curve on
the basis of the bottom direction is the largest. Additionally,
an angle at which the center connection wire curves on the
basis of the bottom direction is 0°.

The entire first to i connection wires CL1 to CLi may have
a straight line form. In this case, since the first to i connection
wires CL1 to CLi extend radially, the lengths of the first to i
connection wires CL1 to CLi become shorter as they
approach the center. However, the lengths of the second to i-1
connection wires CL.2 to CLi-1 having the square wave form
become longer as they approach the center. Accordingly, the
lengths of the first to i connection lines CL.1 to CLi become
substantially identical to each other by the second to i-1
connection wires CL.2 to CLi-1 having the square wave form.

Resistance is proportional to length. Since the lengths of
the first to i connection wires CL1 to CLi are set to be sub-
stantially identical to each other, the resistances of the first to
i connection wires CL1 to CLi may be set to be identical.
Accordingly, equipotential lines may be formed on the first to
i connection wires CL1 to CLi.

FIG. 4 illustrates an image processing status of a second
area of FIG. 3.

Referring to FIG. 4, images of a pad area PDA captured by
the image capturing unit 200 are processed in the image
processing unit 300 to be displayed as a plurality of pixels P.
For example, as shown in FIG. 4, an image of the second area
A2 of the pad area PDA may be displayed as 7x7 pixels P.
However, the inventive concept is not limited thereto and the
second area A2 may be displayed by more pixels.

An area where the first and second connection wires CL1
and CL2 are disposed may be displayed as pixels P having a
first gradation including a predetermined first brightness step.
An area where no first and second connection wires CL1 and
CL2 are disposed may be displayed as pixels P having a
gradation lower than a first gradation and a second gradation
including predetermined second brightness steps.

In this exemplary embodiment of the present invention, the
gradation is divided into gradations having 0 to 255 bright-
ness steps. The first brightness step includes 175 to 185
brightness steps. Additionally, the second brightness step
includes 35 to 45 brightness steps. That is, the first gradation
includes 175 to 185 brightness steps and the second gradation
includes 35 to 45 brightness steps. However, any number of
brightness steps can be used, so long as they can be discerned
by inspection unit 400. For convenience of description, pixels
having the first gradation are displayed as white color and
pixels having the second gradation are displayed as gray, as
shown in FIG. 4.
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For convenience of description, the second area A2 is dis-
played as a portion of the pad area PDA as shown in FIG. 4,
but other areas may be displayed similarly. For example, an
area where the first to i data pads DP1 to Dpi and the first tom
connection wires CL.1 to CL.m of each of the first to k data pad
units DPD1 to DPDk in the pad area PDA are disposed may be
displayed as pixels having the first gradation. Additionally,
areas where the first to i data pads DP1 to Dpi and the first to
m connection wires CL1 to CLm of each of the first to k data
pad units DPD1 to DPDk in the pad area PDA are not dis-
posed may be displayed as pixels having the second grada-
tion.

Hereinafter, for convenience of description, numerical val-
ues for brightness steps of gradations in the pixels P where an
image of the second area A2 is displayed are omitted.

FIG. 5 is a flowchart illustrating a method of inspecting a
pad area of the substrate 100 of FIG. 2.

Referring to FIG. 5, the inspection unit 400 receives an
image of the pad area PDA of the substrate 100 from the
image processing unit 300. The inspection unit 400 inspects
whether the pad area PDA is defective by using image infor-
mation of the pad area PDA.

Hereinafter, exemplarily, a method of inspecting pixels P
where an image is displayed will be described. However, the
entire pad area PDA may be substantially inspected through
the same inspection method.

In operation S100, an image of the second area A2 in the
pad area PDA of the substrate 100 is provided. In operation
S200, a start point pixel is determined and registered by
detecting a gradation change of pixels disposed at the bound-
ary line of the provided image. The boundary line pixels are
defined as pixels disposed at the boundary of an inspection
area.

In operation S300, pixels having the same gradation as the
start point pixel are sequentially traced from the start point
pixel and registered. An 8-direction gradation tracing method
may be used as a gradation tracing method. A detailed
description of the 8-direction gradation tracing method will
be made later. The last registered pixel is registered as an end
point pixel.

In operation S400, an area where registered pixels are
disposed is set to a boundary area. Accordingly, the boundary
area includes pixels having the same gradation. In operation
S500, a predetermined direction code corresponding to a
direction in which the next point pixel is disposed on the basis
of a current point pixel in the pixels in the boundary area is
designated to the next point pixel. An 8-direction chain code
may be used as the predetermined direction code. A detailed
description of the 8-direction chain code will be made later.

In operation S600, the maximum distance pixel coordi-
nates are extracted. For example, each distance between the
start point pixel and a pixel disposed at a conversion point of
a direction code and between the start point pixel and the end
point pixel is calculated, so that the maximum distance pixel
coordinates spaced the maximum distance apart from the start
point pixel are extracted.

In operation S700, by comparing the coordinates of the
maximum distance pixel with the coordinates of the pixels
disposed at the boundary line and also the coordinates of the
start point pixel with the coordinates of the end point pixel, it
is determined whether the second area A2 is is defective.

Hereinafter, operations of the method (i.e., operation S200
to operation S700) of inspecting a pad area by using an image
of the second area A2 of FIG. 4 will be described in detail.
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FIG. 6 is a flowchart illustrating a method of determining a
start point pixel of FIG. 5. FIG. 7 is a view illustrating a
method of determining a start point pixel by using an image of
a second area.

The image of the second area A2 of FIG. 7 is identical to the
image of the second area A2 of FIG. 4. That is, in relation to
aninspection method, determining a start point pixel by using
the image of the second area A2 of FIG. 4 (i.e., operation
S200) is described.

Referring to FIGS. 6 and 7, a gradation change of the pixels
P disposed at the boundary line is detected as it approaches
from the pixels P disposed at the boundary line of the second
area A2 toward a predetermined direction. For example, a
gradation change of the pixels P is detected as it approaches
from the pixel P disposed at the top among the pixels disposed
at the leftmost of the second area A2 toward the bottom
direction.

After a gradation change of the pixels P at the boundary
line is detected in the top-down direction, a gradation change
of'the pixels P is detected from the pixel P disposed at the left
among the pixels P disposed at the lowermost of the second
area A2 toward the right direction.

When a gradation change of the pixels P is detected from
the pixel disposed at the top among the pixels disposed at the
leftmost toward the bottom direction, a second gradation is
detected first by the pixels P having the second gradation.
After the second gradation is detected, a first gradation is
detected at the pixel P in an area where the first wire CL1 is
disposed.

In operation S200, a pixel SP having a changed gradation is
registered as the start point pixel SP. A counting value C is
reset to 0, and the determining of the start point pixel is
completed in operation S200

The second area A2 is exemplarily described, but an image
of the pad area PDA may be substantially displayed as the
pixels P. Accordingly, since a gradation change of the pixels P
is detected from the pixels P disposed at the boundary line of
the pad area PDA toward a predetermined direction, the deter-
mining of the start point pixel may be performed in operation
S210 and operation S220.

FIG. 8 illustrates an 8-direction gradation tracing method.

Referring to FIG. 8, the 8-direction gradation tracing
method is defined as a method of comparing gradations of a
current pixel CP and pixels adjacent thereto counterclock-
wise from a previous point pixel CP-1 by using the current
pixel CP as an axis. Once a pixel having the same gradation as
the current pixel CP is found, the same operation repeats on
the basis of the found pixel.

FIG. 9 is a flowchart illustrating a method of tracing a pixel
having the same gradation as the start point pixel of FIG. 5.
FIGS. 10A to 10D are views illustrating a pixel tracing
method in a normal connection wire. FIGS. 11A and 11B are
views illustrating a pixel tracing method in a defective con-
nection wire.

An image of a second area A2 shown in FIGS. 10A to 10D
is identical to the image of the second area A2 shown in FIG.
2. additionally, the image of the second area A2 shown in
FIGS. 10A to 10D illustrates an image of the first and second
connection wires CL1 and CL2 in a normal status.

FIG. 11A is a view illustrating an image of the first con-
nection wire CL1 in an open defective status in the image of
the second area A2 of FIG. 4. FIG. 11B is a view illustrating
an image of the first connection wire CL.1 in a short defective
status in the image of the second area A2 of FIG. 4. That is, a
pixel tracing operation (i.e., operation S300) is described
using the image of the second area A2 of FIG. 4.
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Referring to FIGS. 9 and 10A, gradations of a currently
registered pixel and pixels adjacent thereto are compared
counterclockwise from a previous point pixel by using the
currently registered pixel in operation S310.

The pixel registered in this stage is a start point pixel SP. As
mentioned above, a gradation change of the pixels P is
detected from the pixel disposed at the top among the pixels
P disposed at the leftmost of the second area A2 toward the
bottom direction. Accordingly, the pixel placed third from the
top among the pixels P disposed at the leftmost of the second
area A2 is a previous point pixel SP-1 of the start point pixel
SP.

Inoperation S310, gradations of the start point pixel SP and
pixels P adjacent thereto are compared counterclockwise
from the previous point pixel SP-1 by using the currently
registered start point pixel SP as an axis.

In operation S320, except for a previously registered pixel,
an adjacent pixel having the same gradation as a currently
registered pixel is detected. There is no previously registered
pixel, and the currently registered pixel is a start point pixel
SP. The start point pixel SP has a first gradation. Accordingly,
as rotating counterclockwise from the previous point pixel
SP-1, a second pixel P2 disposed at the bottom of the start
point pixel SP and having a first gradation is detected as an
adjacent pixel having the same gradation as the currently
registered start point pixel SP.

When an adjacent pixel having the same gradation as a
registered pixel is detected, the detected pixel is registered
and a counting value C is counted in operation S330. since the
second pixel P2 having the same gradation as the start point
pixel SP is detected, the second pixel P2 is registered and the
counting value C is counted as 1 in operation S330.

In operation S340, the counting value C and a reference
value R are compared. The reference value R may be set to 1.
In operation S350, it is tested whether the counting value C is
greater than the reference value R. Since the current counting
value C is 1, if the reference value R is set to 1, the counting
value C is not greater than the reference value R. When the
counting value C is not greater than the reference value R, the
method proceeds to operation S310.

When the counting value C is not used, the coordinates of
the second pixel P2 are included in the coordinates of bound-
ary line pixels in operation S360 and operation S370. Accord-
ingly, the second pixel P2 is registered as the end point pixel
in operation S380, and the pixel tracing operation (i.e., opera-
tion S300) is terminated. However, when the counting value C
is greater than 1 (i.e., the reference value R), since the method
proceeds to operation S360, even if the second pixel P2 is
registered, the gradation tracing operation (i.e., operation
S300) is not terminated.

Since the first connection wire CL1 is displayed as two
pixels P having the first gradation in a column direction in the
second area A2, the reference value R is set to 1 according to
an embodiment to the inventive concept. However, the inven-
tive concept is not limited thereto, and thus the reference
value R may vary. For example, when the first connection
wire CL1 is displayed as three pixels P having the first gra-
dation in a column direction in the second area A2, the refer-
ence value R may be set to 2.

Referring to FIGS. 9 and 10B, since the second pixel is
registered and the counting value C is less than the reference
value R, the method proceeds to operation S310.

The currently registered pixel P2 is the second pixel P2. A
previous point pixel SP of the second pixel P2 is the start point
pixel SP. Accordingly, in operation S310, gradations of the
currently registered second pixel P2 and pixels P adjacent
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thereto are compared counterclockwise from the start point
pixel SP by using the currently registered second pixel P2 as
an axis.

A previously registered pixel is a start point pixel SP in this
stage. In operation S320, except for the previously registered
start point pixel SP, an adjacent pixel having the same grada-
tion as the currently registered second pixel P2 is detected.
Accordingly, except for the start point pixel SP, as rotating
counterclockwise from the start point pixel SP, a third pixel
P3 disposed at the right of the start point pixel SP and having
the first gradation is detected as an adjacent pixel having the
same gradation as the second pixel P2.

In operation S330, the detected third pixel P3 is registered
and the counting value is counted as 2. The counting value C
and the reference value R are compared in operation S340.
Since the current counting value C is 2, when the reference
value R is set to 1, the counting value C is greater than the
reference value R.

In operation S350, it is tested whether the counting value C
is greater than the reference value R. Since the counting value
C is greater than the reference value R, the registered pixel
coordinates and the coordinates of the boundary line pixels
are compared in operation S360. Since the pixel P3 registered
in this stage is the third pixel P3, the coordinates of the third
pixel P3 and the coordinates of the boundary line pixels are
compared in operation S360.

In operation S370, it is determined whether the coordinates
of'the registered pixel is are included in the coordinates of the
boundary line pixels. Since the pixel P3 registered in this
stage is the third pixel P3, it is tested whether the coordinates
of the third pixel P3 are included in the coordinates of the
boundary line pixels. The third pixel P3 is not included in the
boundary line pixels. When the coordinates of the currently
registered third pixel P3 are not included in the coordinates of
the boundary line pixels, the method proceeds to operation
S310.

Referring to FIGS. 9 and 10C, since the third pixel P3 is
registered and the coordinates of the currently registered pixel
P3 are not included in the coordinates of the boundary line
pixels, the method proceeds to operation S310 again.

The currently registered pixel P3 is the third pixel P3 and a
previous point pixel P2 of the third pixel P3 is the second pixel
P2. Accordingly, the gradations of the currently registered
third pixel P3 and the pixels P adjacent thereto are compared
counterclockwise from the second pixel P2, i.e., the previous
point pixel P2, by using the currently registered third pixel P3
as an axis in operation S310.

In operation S320, except for the previously registered
pixels SP and P2, an adjacent pixel having the same gradation
as the currently registered third pixel P3 is detected. Accord-
ingly, except for the start point pixel SP and the second pixel
P2, as rotating counterclockwise from the second pixel P2, a
fourth pixel P4 disposed in a diagonal direction of the top
right of the third pixel P3 and having the first gradation is
detected as an adjacent pixel having the same gradation as the
third pixel P3.

In operation S330, the detected fourth P4 is registered and
the counting value C is counted as 3. In operation S340, the
counting value C and the reference value R are compared. In
operation S350, it is tested whether the counting value C is
greater than the reference value R. Since the current counting
value C is 3, if the reference value R is set to 1, the counting
value C is greater than the reference value R. Since the count-
ing value C is greater than the reference value R, the coordi-
nates of the registered fourth pixel P4 and the coordinates of
the boundary line pixels are compared in operation S360.
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In operation S370, the fourth pixel P4 is not included in the
boundary line pixels. When the coordinates of the currently
registered fourth pixel P4 are not included in the coordinates
of'the boundary line pixels, the method proceeds to operation
S310.

Referring to FIGS. 9 and 10D, when the above-mentioned
pixel tracing operations (i.e., operation S310 to operation
S370) repeat twice more, a sixth pixel P6 is registered in
operation S330. Since the counting value C is greater than the
reference value R, the coordinates of the sixth pixel P6 and the
coordinates of the boundary line pixels are compared in
operation S360 so that it is tested whether they are included in
the coordinates ofthe boundary line pixels. The sixth pixel P6
is included in the boundary line pixels.

When the coordinates of the registered pixel are included in
the coordinates of the boundary line pixels, the registered
pixel is registered as the end point pixel EP in operation S380.
The end point pixel EP is registered and the pixel tracing
operation (i.e. operation S300) is terminated.

Referring to FIGS. 9 and 11A, the first gradation (indicated
with white) displays an area where the first and second wires
CL1 and CL2 are disposed, and the second gradation (indi-
cated with gray) displays an area where the first and second
wires CL1 and CL2 are not displayed. Therefore, the first wire
CL1 is shown open in FIG. 11A.

When the above-mentioned pixel tracing operations (op-
eration S310 to operation S380) repeat, the fifth pixel P5 is
registered as shown in FIG. 11A in operation S330. The
coordinates of the fifth pixel P5 are not included in the coor-
dinates of the boundary line pixels. Accordingly, gradations
of the currently registered fifth pixel P5 and pixels adjacent
thereto are compared counterclockwise from the fourth pixel
P4 by using the currently registered fifth pixel P5 in operation
S310.

In operation S320, except for the previously registered
pixels SP, P2, P3, and P4, an adjacent pixel having the same
gradation as the currently registered fifth pixel P5 is detected.
However, except for the previously registered pixels SP, P2,
P3, and P4, all the pixels adjacent to the currently registered
fifth pixel P5 have the second gradation. Accordingly, adja-
cent pixels having a similar gradation to the currently regis-
tered fifth pixel P5 are not detected in operation S320.

If adjacent pixels having a similar gradation to the cur-
rently registered fifth pixel P5 are not detected, the fifth pixel
P5 is registered as the end point pixel EP I operation S390,
and the pixel tracing operation (i.e., operation S300) is ter-
minated.

Referring to FIGS. 9 and 11B, the first wire CL1 and the
second wire CL2 are connected to each other so that they
cause a short circuit as shown in FIG. 11B.

When the pixel tracing operations (i.e., operation S310 to
operation S380) repeat, as shown in FIG. 11B, an eighth pixel
P8 is registered in operation S330. In this case, it is tested
whether the coordinates of the registered eighth pixel P8 are
included in the coordinates of the boundary line pixels in
operation S370.

The coordinates of the eighth pixel P8 are included in the
coordinates of the boundary line pixels. Accordingly, the
registered eighth pixel P8 is registered as the end point pixel
EP in operation S380 and the pixel tracing operation (i.e.,
operation S300) is terminated.

For convenience of description, the second area A2 is used
as an example, but substantially, the pixel tracing operations
(operation S310 to operation S390) are performed on the
pixels P where an image of the pad area PDA is displayed.

After the pixel tracing operations (operation S310 to opera-
tion S390) are performed, the boundary area is set as an area
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where the registered pixels are disposed in operation S400.
That is, the boundary area includes pixels having the same
gradation.

FIG. 12 is a view illustrating an 8-direction chain code.

Referring to FIG. 12, the 8-direction chain code may be
defined as flag codes having 8 directions. The 8 directions
extend radially with the same interval to each other, each has
the same interval. The flag codes D0, D1, D2, D3, D4, D5, D6,
and D7 are sequentially designated counterclockwise.

The flag codes include zeroth to seventh directions D0, D1,
D2, D3, D4, D5, D6, and D7. For example, as shown in FIG.
12, the right direction is defined as the zeroth direction D1.
The first to seventh directions D1, D2, D3, D4, D5, D6, and
D7 extending radially counterclockwise from the zeroth
direction D0 with the same interval to each other are defined.

FIG. 13 is a flowchart illustrating a method of designating
a direction code of FIG. 5. FIG. 14A is a view of when a
direction code is designated to pixels of a second area of FIG.
10D. FIG. 14B is a view of when a direction code is desig-
nated to pixels of a second area of FIG. 11A. FIG. 14C is a
view of when a direction code is designated to pixels of a
second area of FIG. 11B.

Referring to FIG. 13, in operation S510, as shown in FIG.
12, an 8-directions chain code extending radially with the
same interval to each other is set. As mentioned above, the
8-direction chain code includes zeroth to seventh directions
Do, D1, D2, D3, D4, D5, D6, and D7 extending radially.

Referring to FIGS. 13 and 14 A, in operation S520, a direc-
tion of the next point pixel is designated as the 8-direction
chain code on the basis of a current point pixel. For example,
the second pixel P2 (i.e., the next point pixel) on the basis of
the start point pixel SP (i.e., the current point pixel) is dis-
posed in the bottom direction of the start point pixel SP.
Accordingly, the second pixel P2 is designated as the sixth
direction D6.

On the basis of the second pixel P2 (i.e., the current point
pixel), the third pixel P3 (i.e., the next point pixel) is disposed
in the diagonal direction of the top right. Accordingly, the
third pixel P3 is designated as the first direction D1.

On the basis of the third pixel P3 (i.e., the current point
pixel), the fourth pixel P4 (i.e., the next point pixel) is dis-
posed in the diagonal direction of the top right. Accordingly,
the fourth pixel P4 is designated as the first direction D1.
Through such an operation, each of the fifth pixel P5 and the
sixth pixel P6 is designated as the first direction D1.

Since there is no next pixel on the basis of the sixth pixel P6
(i.e., the current point pixel), the 8-direction chain code is not
further designated. Additionally, since there is no registered
pixel before the start point pixel SP, the 8-direction chain code
is not designated to the start point pixel SP.

Referring to FIGS. 13 and 14B, in operation S520, a direc-
tion of the next point pixel on the basis of the current point
pixel is designated as an 8-direction chain code. Like from the
start point pixel SP to the fourth pixel P4 as shown in FIG. 4A,
the 8-direction chain codes are designated to from the start
point pixel SP to the fourth pixel P4.

The fifth pixel P5 (i.e., the next point pixel) on the basis of
the fourth pixel P4 (i.e., the current point pixel) is disposed in
the left direction. Accordingly, the fifth pixel P5 is defined as
the fourth direction D4. Since there is no next pixel on the
basis of the fifth pixel P5, the 8-direction chain code is not
designated any more.

Referring to FIGS. 13 and 14C, in operation S520, a direc-
tion of the next point pixel is designated as the 8-direction
chain code on the basis of a current point pixel. Like from the
start point pixel SP to the fourth pixel P4 as shown in FIG. 4A,
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the 8-direction chain codes are designated to from the start
point pixel SP to the fourth pixel P4.

On the basis of the fourth pixel P4 (i.e., the current point
pixel), the fifth pixel P5 (i.e., the next point pixel) is disposed
in the diagonal direction of the bottom right. Accordingly, the
fifth pixel P5 is designated as the seventh direction D7.

According to the above-mentioned 8-direction chain code
designating method, the sixth pixel P6 is designated as the
seventh direction D7, and the seventh pixel P7 and the eighth
pixel P8 are designated as the fifth direction D5. After the
8-direction chain codes are designated to the registered pix-
els, the direction code designating operation (i.e., operation
S500) is terminated.

For convenience of description, the second area A2 is used
as an example, but substantially, the above-mentioned direc-
tion code designating operations (operation S510 and opera-
tion S520) are performed on the pixels P where an image of
the pad area PDA is displayed.

FIG. 15 is a flowchart illustrating a maximum distance
pixel coordinates extracting method of FIG. 5. FIG. 16A is a
view illustrating a maximum distance pixel in an image of the
second area of FIG. 14A to which a direction code is desig-
nated. FIG. 16B is a view illustrating a maximum distance
pixel in an image of the second area of FIG. 14B to which a
direction code is designated. FIG. 16C is a view illustrating a
maximum distance pixel in an image of the second area of
FIG. 14C to which a direction code is designated. FIG. 17 is
a flowchart illustrating a defectiveness determining method
of FIG. 5. FIG. 18 is a flowchart illustrating an open and short
defectiveness detecting method in the defectiveness deter-
mining is operation of FIG. 17.

Referring to FIGS. 15and 16 A, a distance between the start
point pixel SP and 8-direction chain code conversion point
pixels is calculated in operation S610. For example, the 8-di-
rection chain code in the second pixel P2 and the third pixel
P3 is converted from the sixth direction D6 into the first
direction D1. In this case, each distance between the start
point pixel SP and the second pixel P2 and between the start
point pixel SP and the third pixel P3 is calculated in operation
S610.

The eight-direction chain codes of the fourth to sixth pixels
P4 to P6 are designated as the first direction D1. That is, the
eight-direction chain codes of the fourth to sixth pixels P4 to
P6 are not converted. Accordingly, each distance between the
start point pixel SP and the fourth to sixth pixels P4 to P6 is
not calculated.

Additionally, a distance between the start point pixel SP
and the end point pixel EP is calculated in operation S610. For
example, as mentioned above, the sixth pixel P6 is the end
point pixel EP. In this case, a distance between the start point
pixel SP and the sixth pixel P6 is calculated in operation S610.

After the distances calculated in operation S620 are com-
pared, pixel coordinates of the maximum distance are
extracted. As shown in FIG. 16A, among the calculated
results, a distance between the start point pixel SP and the
sixth pixel P6 is the longest as the maximum distance MD.
Therefore, the sixth pixel P6 is set as the maximum distance
pixel MDP and the coordinates of the sixth pixel P6 are
extracted as the coordinates of the maximum distance pixel
MDP in operation S620.

Referring to FIGS. 15 and 16B, a distance between the start
point pixel SP and the 8-direction chain code conversion point
pixels is calculated in operation S610. For example, the 8-di-
rection code in the second pixel P2 and the third pixel P3 is
converted from the sixth direction D6 to the first direction D1.
The 8-direction code in the fourth pixel P4 and the fifth pixel
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P5 is converted from the first direction D1 to the fourth
direction D1. Additionally, the fifth pixel P5 is an end point
pixel EP.

Accordingly, each distance between the start point pixel SP
and the second pixel P2, between the start point pixel SP and
the third pixel P3, between the start point pixel SP and the
fourth pixel P4, and between the start point pixel SP and the
fifth pixel P5 is calculated.

As shown in FIG. 16B, among the calculated results, a
distance between the start point pixel SP and the fourth pixel
P4 is the longest as the maximum distance MD. Therefore, the
fourth pixel P4 is set as the maximum distance pixel MDP and
the coordinates of the fourth pixel P4 are extracted as the
coordinates of the maximum distance pixel MDP in operation
S620.

Referring to FIGS. 15 and 16C, a distance between the start
point pixel SP and chain code conversion point pixels is
calculated in operation S610.

Referring to the operations described with reference to
FIGS. 15, 16A, and 16B, as shown in FIG. 16C, a distance
between the start point pixel SP and the sixth pixel P6 is the
longest as the maximum distance MD. Therefore, the sixth
pixel P6 is set as the maximum distance pixel MDP and the
coordinates of the sixth pixel P6 are extracted as the coordi-
nates of the maximum distance pixel MDP in operation S620.
After the coordinates of the maximum distance pixel MDP
are extracted, the maximum distance pixel coordinates
extracting operation (i.e., operation S600) is terminated.

For convenience of description, the second area A2 is used
as an example, but substantially, the maximum distance pixel
coordinates extracting operations (operation S610 and opera-
tion S620) are performed on the pixels P where an image of
the pad area PDA is displayed.

Referring to FIGS. 16A and 17, it is tested whether the
coordinates of the maximum distance pixel MDP are
included in the coordinates of the boundary line pixels in
operation S710. The sixth pixel P6 (i.e., the maximum dis-
tance pixel MDP) among the pixels shown in FIG. 16A is
included in the boundary line pixels. Accordingly, the coor-
dinates of the sixth pixel (i.e., the maximum distance pixel
MDP) are included in the coordinates of the boundary line
pixels.

When the coordinates of the sixth pixel P6 (i.e., the maxi-
mum distance pixel MDP) are included in the coordinates of
the boundary line pixels, it is determined in operation S720
that the boundary area defined as an area where the registered
pixels are disposed is normal. That is, it is determined in
operation S720 that the first wire CL1 shown in the image of
the second area A2 is normal. Through the same method, it
may be determined that the second wire CL.2 shown in the
image of the second area A2 is normal.

The image of the second area A2 shown in FIG. 16A
illustrates an image of the second area A2 in a normal status.
That is, through a substrate inspecting method according to an
embodiment of the inventive concept, the first and second
wires CL1 and CL2 in the second area A2 may be determined
as normal.

Referring to FIGS. 16B, 17, and 18, it is tested in operation
S710 whether the coordinates of the maximum distance pixel
MDP are included in the coordinates of the boundary line
pixels.

The fourth pixel P4 (i.e., the maximum distance pixel
MDP) shown in FIG. 16B is not included in the boundary line
pixels. Accordingly, the coordinates of the fourth pixel P4
(i.e., the maximum distance pixel MDP) are not included in
the coordinates of the boundary line pixels. In this case, it is
determined in operation S730 that the boundary area defined
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as an area where registered pixels are disposed is determined
as defective. That is, it is determined in operation S730 that
the first wire CL1 is determined as defective.

When the first wire CL1 is determined as defective, the
coordinates of the start point pixel SP and the coordinates of
the end point pixel EP are compared in operation S731. The
end point pixel EP is the fifth pixel P5 as shown in FIG. 16B.

In operation S732, it is tested whether the start point pixel
SP is adjacent to the end point pixel EP. An adjacent pixel may
be defined as a pixel disposed adjacent to the start point pixel
SP. As shown in FIG. 16B, the end point pixel EP as the fifth
pixel P5 is disposed adjacent to the start point pixel SP.

When the start point pixel SP and the end point pixel EP are
adjacent to each other, it is determined in operation S733 that
aboundary area defined as an area where registered pixels are
disposed is determined open defective. That is, it is deter-
mined in operation S733 that the first wire CL.1 shown in an
image of the second area A21 is determined as open defective.

The image of the second area A2 shown in FIG. 16B
illustrates an image in an open defective status. That is,
through a substrate inspecting method according to an
embodiment of the present invention, the first wire CL1
shown in the second area A2 may be determined as open
defective.

Referring to FIGS. 16C, 17, and 18, it is tested in operation
S710 whether the coordinates of the maximum distance pixel
MDP are included in the coordinates of the boundary line
pixels.

The sixth pixel P6 (i.e., the maximum distance pixel MDP)
shown in FIG. 16C is not included in the boundary line pixels.
Accordingly, the coordinates of the sixth pixel P6 (i.e., the
maximum distance pixel MDP) are not included in the coor-
dinates of the boundary line pixels. In this case, it is deter-
mined in operation S730 that the boundary area defined as an
area where registered pixels are disposed is determined as
defective. That is, it is determined in operation S730 that the
first wire CL1 is determined as defective.

When the first wire CL1 is determined as defective, the
coordinates of the start point pixel SP and the coordinates of
the end point pixel EP are compared in operation S731. The
end point pixel EP is the eighth pixel P8 as shown in FIG.
16C.

In operation S732, it is tested whether the start point pixel
SP is adjacent to the end point pixel EP. As shown in FIG.
16C, the end point pixel EP as the eighth pixel P8 is disposed
adjacent to the start point pixel SP.

When the start point pixel SP and the end point pixel EP are
not adjacent to each other, it is determined in operation S734
that a boundary area defined as an area where registered
pixels are disposed is determined short defective. That is, it is
determined in operation S734 that the first wire CL.1 shown in
an image of the second area A21 is determined as open defec-
tive, i.e., short-circuited.

The image of the second area A2 shown in FIG. 16C
illustrates an image in a short defective status. That is, the first
wire CL1 is short-circuited to the adjacent second wire CL2.
Accordingly, through a substrate inspecting method accord-
ing to an embodiment of the present invention, the first wire
CL1 shown in the second area A2 may be determined as short
defective.

For convenience of description, the second area A2 is used
as an example, but substantially, the defectiveness determin-
ing operations (operation S710 to operation S730) are per-
formed on the pixels P where an image of the pad area PDA is
displayed.
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FIG. 19 is a flowchart illustrating a method of inspecting a
display area of the is substrate of FIG. 2. FIGS. 20A and 20B
and FIGS. 21A to 21C are views illustrating pixel units of a
display area.

For convenience of description, although 3x6 pixel units
PX are shown in FIG. 20A, more pixel units PX may be
substantially disposed in the display area DA. Additionally,
for convenience of description, although 3x8 pixel units PX
are shown in FIGS. 20A and 20C, more pixel units PX may be
substantially disposed in the display area DA.

Referring to FIGS. 19, 20A, and 20B, an image of a display
area of a substrate is provided in operation S10. An inspection
area is set in operation S20. The display area DA shown in
FIG. 20A may be set as an inspection area.

In operation S30, a pixel period security of inspection area
pixel units is tested. For example, 3x6 pixel units PX are
disposed in the display area DA, i.e., an inspection area. The
pixel units PX disposed in the display area DA are divided by
a pixel period defined with a predetermined pixel unit num-
ber. According to an embodiment of the inventive concept, the
pixel period may be set to 9.

In operation S40, a determination is made on whether a
pixel period is secured. In more detail, when the number of
the pixel units PX is divided by the pixel period, the pixel
period is secured. However, when the number of the pixel
units PX is divided and there is a remainder, the pixel period
is not secured.

For example, since 3x6 pixel units PX are disposed in the
display area DA, they are divided by the pixel period set to 9
and there is no remainder. Therefore, the pixel period is
secured. By the secured pixel period, the pixel units PX are
divided into pixels units PX of a first period area TA1 and
pixels units PX of a second period area TA2. That is, as shown
in FIG. 19A, the pixel units PX are divided by 9 unit pixels
PX.

When the pixel period is secured, an interval between the
pixel units PX is inspected in operation S50. The pixel units
PX of each of the first and second period areas TA1 and TA2
has a first interval L1 in a row direction and a second interval
L2 in a column direction, so that they have the same interval
to each other.

In operations, it is inspected in operation S60 whether an
interval between the pixel units PX has the same interval.
Since the pixel units PX of each of the first and second period
areas TA1 and TA2 have a first interval L1 in a row direction
and a second interval 1.2 in a column direction, so that they
have the same interval to each other.

When the pixel units PX of each of the period areas TA1
and TA2 have the same interval to each other, the pixel units
PX are compared by each of the period areas TA1 and TA2, so
that it is detected whether the pixel units PX are defective in
operation S70.

For example, nine pixel units PX captured by the image
capturing unit 200 are image-processed by the image process-
ing unit 300 and then are displayed as a plurality of pixels.
The inspection unit 400 compares the nine pixel units PX to
detect a pixel unit PX having a different image as defective.
For example, when eight units PX among the nine pixel units
PX have the same image but the remaining one unit pixel PX
has a different image, this is determined as defective. That is,
after pixels having the same interval to each other are divided
by a predetermined number unit, the images of the pixel units
PX are compared to determine whether the pixel units PX are
defective.

Referring to FIGS. 19, 21A, and 21C, an image of the
display area DA in a substrate is provided in operation S10.
An inspection area is set in operation S20. The display area
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DA is set as the inspection area in operation S20, and a pixel
period security is inspected in operation S30.

Since 3x8 unit pixels are disposed in the display area DA,
they are divided by a pixel period set to 9 and there is a
remainder. Accordingly, the pixel period is not secured in
operation S40.

When the pixel period is not secured, the inspection area is
divided in operation S80. The inspection area may be divided
by one column unit from the right of the display area DA. That
is, the inspection area may be divided by an area unit where
31 pixel units PX are disposed, from the right of the display
area DA.

In operation S20, the inspection area may be set as an area
disposed at the leftmost in the divided area. Such an operation
may repeat until the pixel period is secured. That is, the
inspection area setting operation (i.e., operation S20), the
pixel period security inspecting operation (i.e., operation
S30), the pixel period security determining operation (i.e.,
operation S40), and the inspection area dividing operation
(i.e., operation S80) repeat until the pixel period is secured.

When the inspection area setting operation (i.e., operation
S20), the pixel period security inspecting operation (i.e.,
operation S30), the pixel period security determining opera-
tion (i.e., operation S40), and the inspection area dividing
operation (i.e., operation S80) repeat, as shown in FIG. 21A,
the display area DA may be divided into a first display area
DA1 including 3x6 pixel units PX, a second display area DA2
disposed at the right of the first display area DA1 and includ-
ing 3x1 pixel units PX, and a third display area DA3 disposed
at the right of the second display area DA2 and including 3x1
pixel units PX.

An inspection area may be set as a first display area DA1
disposed at the leftmost in the divided areas in operation S20.
As shown in FIG. 21B, the pixel units PX of each of the period
areas TA1 and TA2 have a first interval L1 and a third interval
L3 longer than the first interval L1 in a row direction, and have
asecond interval 1.2 in a column direction. The pixel units PX
of'the first period area TA1 may be disposed to have the same
interval as shown in FIG. 20B.

When the pixel period is secured, an interval between the
pixel units PX is inspected in operation S50. As shown in FI1G.
21B, the pixel units PX of each of the period areas TA1 and
TA2 have a first interval L1 and a third interval L3 longer than
the first interval L1 in a row direction and has a second
interval .2 in a column direction. As shown in FIG. 20B, the
pixel units PX of the first period area TA1 may be disposed
with the same interval.

In operation S60, it is inspected whether intervals between
the unit pixels PX are identical to each other. Since the pixel
units PX of the second period area TA2 have the first interval
and the third interval L3 longer than the first interval [.2, they
are not disposed with the same interval in the row direction.

In this case, the inspection area is divided again in opera-
tion S80. The inspection area setting operation (i.e., operation
S20), the pixel period security inspecting operation (i.e.,
operation S30), the pixel period security determining opera-
tion (i.e., operation S40), and the inspection area dividing
operation (i.e., operation S80) may repeat until the pixel
period is secured.

When the inspection area setting operation (i.e., operation
S20), the pixel period security inspecting operation (i.e.,
operation S30), the pixel period security determining opera-
tion (i.e., operation S40), and the inspection area dividing
operation (i.e., operation S80) repeat, as shown in FIG. 21C,
the first display area DA1 may be divided into a 1_1 display
area DA1_1 including 3x3 pixel units PX, a 1_2 second
display area DA1_2 disposed at the right of the 1_1 display
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area DA1_1 and including 3x1 pixel units PX, a 1_3 display
area DA1_3 is disposed at the right of the second display area
DA1_2 and including 3x1 pixel units PX, and a 1_4 display
area disposed at the right of the 1_3 display area DA1_3 and
including 3x1 pixel units PX.

Since the 3x3 pixel units PX are disposed in the 1_1 display
area DA1_1, they are divided by a pixel period set to 9 and
there is no remainder. Accordingly, the pixel period is
secured. The 3x3 pixel units PX are disposed in the first
period area TA1 of the 1_1 display area DA1_1.

When the pixel period is secured, it is inspected in opera-
tion S50 whether an interval between the pixel units PX is
identical. The pixel units PX of'the first period area TA1 have
the same interval in the 1_1 display area DA1_1. Accordingly,
each unit pixel PX is compared by each period area so that it
is detected in operation S40 whether the pixel unit PX is
defective.

When the method of inspecting the display area DA ofthe
substrate 100 is applied to amethod of inspecting the pad area
PDA, a non inspection area may occur. That is, although the
connection wires CL.1 to CLi adjacent to the data pads DP1 to
Dpi are disposed with the same interval as shown in FIG. 3,
the connection wires CL1 to CLi extending radially are not
substantially disposed with the same interval. Additionally,
since the connection wires CLL1 to CLi in a square form also
do nothave the identical length, they are not disposed with the
same interval. Therefore, when the method of inspecting the
display area DA is applied to the method of inspecting the pad
area PDA, a non inspection area may occur. Therefore, a
defectiveness inspection may not be performed on the entire
pad area PDA.

However, the method of inspecting the pad area PDA ofthe
substrate 100 according to an embodiment of the inventive
concept may perform a defectiveness inspecting is operation
on the entire pad area PDA regardless of whether the connec-
tion wires CL1 to CLi and the data pads DP1 to Dpi are
arranged with the same interval.

As aresult, the substrate inspecting method may efficiently
inspect the pad area PDA of the substrate 100.

FIG. 22 is a flowchart illustrating a method of inspecting a
pad area of a substrate according to another embodiment of
the inventive concept. FIG. 23 is a view illustrating a thinning
processing operation of FIG. 22.

Except for the thinning processing operation (i.e., opera-
tion S800_1), the method of inspecting a pad area of FIG. 22
is identical to the method of inspecting the pad area of FIG. 5.
Accordingly, hereinafter, the thinning processing operation
(i.e., operation S800_1) of FIG. 22 is described, and other
operations are not described. FIG. 23 is a view illustrating an
image processing status of the second area of FIG. 3.

Referring to FIGS. 22 and 23, the thinning processing
operation (i.e., operation S800_1) is performed to display an
image of a substrate captured by the image processing unit
300 with two gradations having different brightness.

An area where the first and second wires CL1 and CL2 are
disposed may be displayed as pixels P having a first gradation
including one brightness level. An area where the first and
second wires CL1 and CL.2 are not disposed may be displayed
as pixels P having a second gradation including another
brightness level.

According to an exemplary embodiment of the inventive
concept, the area where the first and second wires CL.1 and
CL2 are disposed may be displayed as the pixels P having a
first gradation with 180 brightness levels. The area where the
first and second wires CL1 and CL.2 are not disposed may be
displayed as the pixels having a second gradation with 40
brightness levels.
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Through the thinning processing operation (i.e., operation
S800_1), the area where the first and second wires CL.1 and
CL2 are disposed and the area where the first and second
wires CL1 and CL2 are not disposed may be displayed each
having a gradation with one brightness level. Accordingly, the
area where the first and second wires CL1 and CL2 are dis-
posed and the area where the first and second wires CL.1 and
CL2 are not disposed may be clearly distinguished from each
other.

The method of inspecting a pad area of FIG. 22 is identical
to that of FIG. 5.

As a result, the method of inspecting a pad area according
to another embodiment of the inventive concept may effec-
tively inspect a pad area of a substrate.

FIG. 24 is a flowchart illustrating a method of inspecting a
pad area of a substrate according to another embodiment of
the inventive concept. FIG. 25 is a view illustrating a maxi-
mum distance pixel coordinates extracting operation of FIG.
24.

Except that the direction code designating operation is
omitted and the maximum distance pixel coordinates extract-
ing operation is different, the method of inspecting a pad area
of FIG. 24 is identical to that of FIG. 22. Accordingly, here-
inafter, the maximum distance pixel coordinates extracting
operation (i.e., operation S900_6) is described, and other
operations are not described. FIG. 25 is a view illustrating an
image processing status of the second area of FIG. 3.

Referring to FIGS. 24 and 25, each distance between the
start point pixel SP and the second to sixth pixels P2 to P6 is
calculated in the maximum distance pixel coordinates
extracting operation (i.e., operation S900_6). For example,
each distance between the start point pixel SP and the second
pixel P2, between the start point pixel SP and the third pixel
P3, between the start point pixel SP and the fourth pixel P4,
between the start point pixel SP and the fifth pixel P5, and
between the start point pixel SP and the sixth pixel P6 is
calculated.

By comparing the calculated distances, the pixel coordi-
nates of the maximum distance are extracted. As shown in
FIG. 24, among the calculated results, the distance between
the start point pixel SP and the sixth pixel P6 is the longest as
the maximum distance MD. Accordingly, the sixth pixel P6 is
set as the maximum distance pixel MDP, and the coordinates
of the sixth pixel P6 are extracted as the coordinates of the
maximum distance pixel MDP.

The method of inspecting another pad area of FIG. 24 is
identical to that of FIG. 22.

As a result, the method of inspecting a pad area according
to another embodiment of the inventive concept may effi-
ciently inspect a pad area of a substrate.

The substrate inspecting method of the inventive concept
can effectively inspect a pad area of a substrate.

The above-disclosed subject matter is to be considered
illustrative and not restrictive, and the appended claims are
intended to cover all such modifications, enhancements, and
other embodiments, which fall within the true spirit and scope
of the inventive concept. Thus, to the maximum extent
allowed by law, the scope of the inventive concept is to be
determined by the broadest permissible interpretation of the
following claims and their equivalents, and shall not be
restricted or limited by the foregoing detailed description.

What is claimed is:

1. A method of inspecting a substrate, the method compris-
ing:

receiving an image of a substrate;
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determining and registering a start point pixel in an image
of a pad area disposed adjacent to a display area of the
substrate;
sequentially tracing pixels having the same gradation as the
start point pixel from the start point pixel and registering
the traced pixels;
setting an area where the registered pixels are disposed as
a boundary area;
designating, to the next point pixel, a direction code corre-
sponding to a direction in which the next point pixel is
disposed, on the basis of a current point pixel in the
registered pixels of the boundary area;
extracting maximum distance pixel coordinates disposed
at the maximum distance from the start point pixel by
calculating each distance between the start point pixel
and a pixel disposed at a conversion point of the direc-
tion code and between the start point pixel and an end
point pixel registered lastly among the registered pixels;
and
detecting a defect of the pad area by comparing the maxi-
mum distance pixel coordinates with coordinates of the
pixels disposed at the boundary line and coordinates of
the start point pixel with coordinates of the end point
pixel.
2. The method of claim 1, wherein the determining of the
start point pixel comprises:
detecting a gradation change of the pixels disposed at the
boundary line as moving on the pixels disposed at the
boundary line; and
registering a pixel having the gradation change as the start
point pixel and initializing a count value.
3. The method of claim 2, wherein the tracing of the pixels
comprises:
comparing gradations of a currently registered pixel and
pixels adjacent thereto counterclockwise from a previ-
ous point pixel by using the currently registered pixel as
an axis;
detecting the adjacent pixel having the same gradation as
the currently registered pixel, excluding a previously
registered pixel;
registering, when the adjacent pixel having the same gra-
dation as the currently registered pixel is detected, the
detected pixel and counting the count value;
registering, when the adjacent pixel having the same gra-
dation as the currently registered pixel is not detected,
the currently registered pixel as an end point pixel;
comparing the counting value with a reference value;
comparing, when the counting value is greater than the
reference value, coordinates of the registered pixel with
the coordinates of the boundary line pixels;
comparing, when the counting value is not greater than the
reference value, gradations of the currently registered
pixel and the adjacent pixel;
registering, when the coordinates of the registered pixel are
included in the coordinates of the boundary line pixels,
the registered pixel as the end point pixel; and
comparing, when the coordinates of the registered pixel are
not included in the coordinates of the boundary line
pixels, gradations of the registered pixel and the adjacent
pixels.
4. The method of claim 1, wherein the designating of the
direction code comprises:
setting an 8-direction chain code extending radially with
the same interval; and
designating, as the 8-direction chain code, a direction in
which the next point pixel is disposed on the basis of the
current point pixel in the sequentially registered pixels.
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5. The method of claim 4, wherein the extracting of the
maximum distance pixel coordinates comprises:
calculating a distance between the start point pixel and a
pixel of a conversion point of the 8-direction chain code
and a distance between the start point pixel and the end
point pixel; and
extracting coordinates of the maximum distance pixel by
comparing the calculated distances.
6. The method of claim 1, wherein the detecting of the
defect of the pad area comprises:
comparing the coordinates of the maximum distance pixel
with the coordinates of the boundary line pixels;
determining, when the coordinates of the maximum dis-
tance pixel are included in the coordinates of the bound-
ary line pixels, the boundary area as normal; and
determining, when the coordinates of the maximum dis-
tance pixel are not included in the coordinates of the
boundary line pixels, the boundary area as defective.
7. The method of claim 6, wherein the determining of the
boundary area as defective comprises:
comparing the coordinates of the start point pixel with the
coordinates of the end point pixel;
determining, when the start point pixel is disposed adjacent
to the end point pixel, the boundary area as open defec-
tive; and
determining, when the start point pixel is not disposed
adjacent to the end point pixel, the boundary area as
short defective.
8. The method of claim 1, wherein the substrate comprises:
a plurality of pixel units disposed in the display area and
connected to gate lines and data lines intersecting each
other; and
aplurality of data pads disposed in the pad area, a plurality
of connection wires connected to corresponding data
lines, and a plurality of data pads connected to corre-
sponding connection wires,
wherein the connection wires extend downwardly by a
distance with the same interval and extend radially to
connect to the corresponding data lines.
9. The method of claim 8, wherein the connection wires
and the data pads in the image of the pad area are displayed as
pixels having a first gradation with first brightness levels and
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an area where the connection wires and the data pads are not
disposed is displayed as pixels having a second gradation
lower than the first gradation with second brightness levels.

10. The method of claim 8, further comprising:

capturing an image of the substrate and thinning the cap-

tured image of the substrate to provide the thinned image
as an image of the substrate;

wherein the thinning of the captured image comprises:

displaying an area where the connection wires and the data

pads are disposed as pixels having a first gradation with
one brightness level and displaying an area where the
connection wires and the data pads are not disposed as
pixels having a second gradation lower than the first
gradation with another brightness level.

11. The method of claim 8, further comprising: revise
claims 11+ consistent with changes above—the client likes
consistent changes in the claims to like text

receiving the image of the display area;

setting an inspection area in the display area;

inspecting and determining a pixel period security by

dividing the pixel units of the inspection area by a pre-
determined number unit;
inspecting, when the pixel period security is determined,
an interval between the pixel units of the pixel period;

proceeding, when the pixel period security is not deter-
mined, to the dividing the inspection area and the setting
of the inspection area;

detecting, when the interval between the pixel units is the

same, a defective pixel unit by comparing images of the
pixel units; and

proceeding, when the interval between the pixel units is

different, to the dividing of the inspection area and the
setting of the inspection area.

12. The method of claim 11, wherein the inspecting and
determining of the pixel period security comprises:

dividing the pixel units of the inspection area by a pixel

period defined by a pixel number;

determining, when the number of the pixel units is divided

by the pixel period, it as the pixel period security; and
not determining, when the number of the pixel units is not
divided by the pixel period, it as the pixel period security.
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